This paper describes the development of an ontology which could act as a recommendation system for hypertensive individuals. The author has conceptualized and developed an ontology which describes recipes, nutrients in foods and the interactions between nutrients and prescribed drugs, disease and general health. The paper begins with a review of the literature on several ontology designs. The previous ontology models guide the development of classes, properties and restrictions built into the hypertensive diet ontology. The model is constructed following the Ontology 101 methodology. The ontology was validated using proto-personas to create competency questions which were used to test the ontology. The findings show that the ontology may be used to provide information with the goal of assisting individuals in making sense of complex effects of diet on health and outcomes. It is concluded that the ontology can be used to provide support to patients as they seek to manage chronic illnesses such as hypertension. The study has relevance for creators of knowledge organization systems and ontologies in the healthcare field.
Introduction
The food we eat can influence our risk of chronic health conditions including heart disease, hypertension and diabetes. Individuals with these chronic diseases often use the Internet for information related to nutrition and diet, however. Statistics show that people increasingly search online for health information. The Pew Research Center [1] found that 87% of US adults use the Internet. Seventy-two percent of those users have looked online for health information. Sixty percent of adults say they track their health, diet or exercise routine, and 33% track health indicators or symptoms such as blood pressure, blood sugar, headaches or sleep patterns. Around 21% of people use some form of technology to keep track of their health, and 51% search the Internet specifically for information related to nutrition and diet. These statistics suggest that many people care about how the food they eat every day is impacting their health. What we put into our bodies significantly affects the state of our health and can influence our risk of many health conditions such as allergic reactions, digestive diseases such as celiac disease and irritable bowel syndrome, heart disease, hypertension, diabetes and even cancer. With this in mind, many people suffering from chronic diseases such as heart disease, diabetes and hypertension spend time searching for health information. However, while search engine queries are helpful, they often return results whose usefulness and relevance are questionable. They are keyword based and fail to answer questions that need to be parsed for understanding. When people make a query through a search engine, they usually are shown a large number of results, which may or may not result in useful or relevant information and may leave them feeling more frustrated. Some patients are advised to begin Medical Nutrition Therapy (MNT), which is an approach to treating chronic diseases using a diet devised specifically for that nutrition/metabolic condition and monitored by a registered dietitian or professional nutritionist [2] .
Nutritionists are often tasked with educating patients about different foods and their properties, often recommending substitutes or the complete removal of some foods or elements from the diet. Several factors besides the nutrition profile of foods may influence their suitability for an individ-ual, such as age, gender and general health condition. A study of nutrition can help us understand how and why certain nutrients affect us in the way that they do. A nutritionist is trained to understand these relationships between food and our health and as such can provide advice and solutions regarding the negative impacts of a particular diet. However, a multitude of information is now available on the Web, such that patients no longer need to rely solely on these health professionals.
Nutrition and drug databases as well as a multitude of recipe Web sites abound. If an individual knew what and how much to eat as well as what not to eat, they could potentially practice nutrition therapy on their own by going to various sources and searching for the information piecemeal. However, some food and drugs, when taken simultaneously with medicines, change the body's ability to avail itself of the particular food or drug and sometimes cause serious side effects. Food/drug interactions can (a) cause a medicine to not work the way it should, (b) cause a side effect from a medicine to be either worse or better or (c) cause a new side effect. Clinically significant drug interactions, which pose potential harm to the patient, may result from changes in pharmaceutical, pharmacokinetic or pharmacodynamic properties. Drug interactions occur when the food ingested affects the activity of a drug in such a way that the effects are increased or decreased, or they produce a new effect that neither produces on its own [3] . Some recipe Web sites give users the option to search for recipes based on ingredients they have available, and some even allow users to select recipes based on certain criteria, e.g., low calorie, gluten free, dairy allergies. But compounded with the issue of drug interactions, as well as any allergies they have and their own food preferences, patients can find a lot of confusing, misleading or incorrect information on the Web about what they can or cannot consume. For most people, finding the right information and learning how to eat a healthy diet are not easy and many seek help from various sources in accomplishing this task. An intelligent agent that can automatically give people guidance for how to choose food that would aid their health and reduce health risks would be a great help. Searching through a collection of Web pages is not yet an intelligent process that yields the kind of answers for which an individual may be searching. A good solution needs to consider the user's preferences, through some kind of personalization, resulting in recommendations based on the user's specific needs.
The Semantic Web, also referred to as Web 3.0, extends the current Web to allow computers and people to work better together through the power of hypertext links that connect multiple items to each other. To accomplish this, computers should be able to access ontologies which contain machine readable semantic annotations that they can use to conduct automated reasoning and logic tasks [4] . Giving the Web the ability to use logic, i.e., rules to make inferences, choose a course of action or answer questions, is one of the major goals of the Semantic Web community.
Ontological languages powerful enough to express this logic, such as Resource Description Framework (RDF) and Web Ontology Language (OWL), allow individuals to annotate the Web using their own tags and to add whatever structure they deem appropriate to documents. In addition, OWL is able to represent concepts in ontological form and includes in the described concept a subset of instance data from the domain in question. A domain being defined as a realm of knowledge about a specific unit of analysis for the construction of a knowledge organization system. Ontologies then act as a knowledge base which return results in a manner compatible with human communication, but in machine understandable format. Thus, the Semantic Web functions as a method for sharing and consolidating information in natural language format with the use of software to process that information, making it easier to find. Semantic Web technologies can be used in various applications, including data integration, resource discovery and classification, and cataloging, as well as by intelligent software agents, and in content rating, among other things [5] .
Semantic Web technologies can mimic and extend MNT through the use of ontologies. The idea of the Semantic Web is that of (i) adding in meaning to documents such that better resource discovery is enabled and (ii) creating a common framework such that data can be shared and reused. Semantic Web technology adds layers of meaning to food and health information on the Web, such that users may interact with the content in more intuitive and meaningful ways. To accomplish this, computers should be able to access ontologies which contain machine readable semantic annotations that they can use to conduct automated reasoning and logic tasks [4] . An ontology defines a common vocabulary for researchers who need to share information in a domain. It has been defined as a formal and explicit specification of shared conceptualization [6] . It includes machine interpretable definitions of basic concepts in the domain and relations among them. Ontologies are often developed for the purpose of sharing common understanding of the structure of information among people or software agents, enabling reuse of domain knowledge, making domain assumptions explicit, separating domain knowledge from the operational knowledge and for the analysis of domain knowledge [7] . Ontologies are useful for various purposes including: providing a controlled vocabulary; for customization and personalization of search possibilities; as a structure that can be used for extracting document content; for word sense disambiguation; and for semantic annotation of textual documents.
With these ideas in mind, this study attempts to resolve some of the issues discussed by answering the following research questions:
1. How might semantic technologies be leveraged to provide personalized care for chronic diseases such as hypertension? 2. How can an ontology act as a mechanism that answers specific questions on safe foods and recipes to help improve health outcomes in hypertensive individuals?
The ontology described in this paper was developed using a sample of recipes obtained from the Web. It describes the recipes, the related concepts of ingredients, disease, and medicines and the relationships between them. It demonstrates how an ontology can be applied to existing datasets, e.g., the USDA nutrient database, and combines and extends those with additional domain concepts. The ontology further defines and models relationships that represent how specific recipes interact with the medications being taken by a hypertensive individual as well as the specific diet restrictions in place. By aggregating data from different sources, the ontology provides recommendations and answers to questions that cannot be answered completely by a search engine.
Safety questions may arise when one considers using information from the Web. However, these risks may be negligible for several reasons; most recipe searches are undertaken on the Web and used without vetting. The proposed ontology will use resources from authorities in health and medicine that are made publicly available for access to help patients assess the safety of the recipes for their personal conditions. Thus, semantic technologies are simply being used to connect resources together to provide information which can improve health outcomes. Semantic technologies do face challenges with mammoth amounts of input; thus, high data and computational scale could be an issue. Further, in situations where concepts are imprecise and/or uncertain, other techniques may be better suited and utilized. Finally, ontologies fail where inconsistencies exist, and this is likely when combining multiple ontologies from separate sources. Nevertheless, utilizing semantic Web principles and describing the concepts, entities and relationships specific to the particular concepts of food, recipes and drugs allow for interesting possibilities when knowledge of users and their preferences is leveraged. Thus, the ontology could serve as the knowledge base for an app or Web site recommendation system. This system could then take user input and run queries against the knowledge in the dataset. Then, it could provide recommendations consistent with user needs, alerting the user to what items are safe, what may be uncertain and what should be completely avoided, thereby aiding individuals to manage their hypertension.
Review of the existing ontological models
Ontologies provide a way to assign rich descriptions of the characteristics of concepts of interest. The combination of an ontology with the specific individual instances of the classes results in the creation of a knowledge base. Ontologies are fast becoming a highly preferred method to connect different types of information systems through the Semantic Web, and a variety of research projects have been undertaken that demonstrate their capabilities with regard to the food and health domain. The Wine Ontology conceptualizes two main types of wines-red and white-as classes and adds subclasses that further represent the classifications that exist in that domain. This ontology exemplifies representation of the classifications present in the real world in the ontology design and structure [7] . Some ontology methodologies recommend reusing concepts rather than recreating them [7] [8] [9] . However, in cases where existing concepts and relations in an ontology do not encompass the scope of the domain, it is necessary to recreate or extend the ontology. Graca et al. [10] demonstrate this in their decision to create a new Wine Ontology which describes various features of the wine domain according to three main dimensions: maceration, grape maturity state and fermentation process. The classifications are dependent on regions rather than on whether the wine was red or white. This ontology design was intended to enable selection of a wine, given a specific set of desirable features. Factors such as the region where the wine was produced influence characteristics such as taste and quality. Describing these relationships in the ontology allows for inferences about wine quality and taste to be made. The implications for ontology design are that thorough descriptions of the concepts in the domain of interest and the relationships are necessary and should guide the design of the ontology so that interactions between diet, health, food and medication which affect the hypertensive patient can be derived.
The Food Product Ontology describes food products in a bid to help manufacturers, retailers, governments and institutions publish data in ways that maximize reuse. It reuses parts of the Good Relations Ontology, a standardized ontology for product, price, store and company data used by many Web pages to structure their data through the conceptualization of just four entities: agent, object, promise and location, represented by the classes Business Entity, Offering, Product, or Location and Service [11] . The Food Product Ontology extends this ontology by adding such classes as food and ingredients with subclasses of food additives, eadditives, energy, carbohydrate and other nutrient contents of the specific foods. They also further created and defined relationships between the existing and added classes [12] . Focused mainly on food products published on the Web, this ontology demonstrates how it is possible to extend and refine a similar ontology so that it can answer more questions users may have about objects in a particular domain. Other general food ontologies include the BBC Food Ontology which was created for publishing data about recipes including the foods they are made from and the foods they create, as well as diets, menus, seasonal influences, courses and the occasions they suit [13] and the BioNutrition Ontology which relates concepts and terminologies used for human nutrition in a clinical and biomedical setting and consists of classes which describe the concepts of diet plan, research nutrition assessment procedure and nutrient compositions to specific diet plans for patients [14] .
Some ontologies represent recipes, rather than focusing on specific products or food in general. Sam et al. [15] developed a content ontology design pattern which allowed for integration of information from different recipe Web sites. Focus was placed on modeling concepts in the domain, such as recipe. Using natural language queries, they developed graph structures as a basis for the pattern and as a means of checking the validity of the queries. The model could be populated through the indentation and tagging of structures in XML documents to extract recipe information as semantic annotations. Ribeiro et al. [16] modeled the cooking domain in an ontology based on knowledge acquired from cookbooks. They suggest the ontology design process should include (1) identification of concepts and their properties, (2) classification of groups of concepts in classification trees, (3) description of properties, (4) identification of instances and (5) description of instances. Finally, DeMiguel, Plaza and Diaz-Agudo [17] demonstrate the use of machine learning techniques and fuzzy logic in an ontology to match and replace similar ingredients. This ontology holds 570 recipe ingredients and stores recipes in a XML database with 298 instances.
More specific applications tend to focus on ontologies as a knowledge base for food recommendation systems, safe food consumption systems or illustrate their potential for the management of diseases. For example, the ontology used as the framework for the FOODS expert system contains specifications of ingredients, substances, nutrition facts, recommended daily intakes for different regions, dishes and menus to help users make selections based on their preferences. Using a bottom-up and top-down approach, the researchers first formulated questions they wished the ontology to answer, which in turn determined the scope of the ontology and the types of data to be stored [18] . The ontologydriven mobile safe food consumption system, Food Wiki, was built with the stated purpose of helping individuals in risk groups avoid foods by helping them automate the decisionmaking process of what and how much to eat, as well as what to avoid, based on the nutrient profile, and especially the presence or absence of potentially dangerous additives that have been added to many processed foods [19] . Suksom et al. [20] developed a recommendation system to help individuals choose the foods they want to eat daily based on their nutritional requirements. This system combines two ontologies: one comprised of food and nutrition concepts and another based on a user's personal profile, diet goals and favorites. The system runs inferences between the two ontologies to generate rule-based food recommendations. For the management of diseases, Li and Ko [21] proposed an automated ontology construction mechanism modeled against a nutrition composition dataset and crafted around the diet requirements of diabetic patients. Nutrients were assigned levels and rank to indicate the suitability of the food for the person. Finally, the Food Ontology for Diabetes Control models concepts in the Eurocode2 food coding system that informs the class hierarchy and represents the types of food, their nutritional content and recommended daily intake. This ontology was later translated into OWL-DL where cardinalities, constraints, disjointness and functional properties were defined and allowed to interface with the diabetes and product ontology through the designed interface [22] .
Although several of the ontologies here describe the food domain, some had applications that were too specific to particular problems, and others were not broad or deep enough. None of the ontologies researched included all the domains of interest to this study. However, they demonstrate ontology design methods and considerations and provide evidence of ontologies functioning as recommendation systems. Despite ontology reuse being recommended to increase interoperability between similar ontologies, none of the ontologies apply exactly to the current use case, although there are possibilities for reuse or mapping to some classes.
Methods

Data collection, cleaning and storage
Research began with the collection of recipes often published in a variety of different formats primarily designed for human consumption in an unstructured format. Machines are unable to understand the meaning of the information available in unstructured formats. One way of getting information from the Web is through Web scraping, a process whereby data are automatically queried from a Web server using computer software techniques to extract prespecified information [23] . Focusing on the important aspects of recipes such as their ingredients, preparation instructions, provenance, Web scraping algorithms in Python can simulate the process of exploring a recipe Web site document through the implementation of HTTP protocols, extracting and transforming unstructured data usually encoded in HTML format into structured data that can be stored and analyzed in a database or spreadsheet [24] . Transformation of these data into a machine understandable format then makes it easier to query and identify specific results. Furthermore, it is an opportunity to take data from disparate sources, merge it with what is already known and provide unique and purposefully fashioned information to the user. Semantic Annotation Recognizing is the Web scraping technique described in this paper. It enables the addition of semantics and a formal structure to unstructured textual documents [25] . Thus, named entities contained in the Web documents such as authors of a recipe, ingredient type, amount or cooing method can be identified, described and assigned semantic descriptions.
Scraping involved finding the right pages and then identifying the correct elements within the pages that contain the desired information. Once the correct pages were identified, the tagged information was extracted and passed to a CSV file. Datasets published in tabular format can be transformed into semantically structured and interlinked data [26] . However, tabular data do not preserve domain semantics and structure making it difficult to interpret, integrate and visualize the data so it must be transformed. XML, RDF/XML and OWL/XML are syntaxes that can be used to serialize and exchange ontologies thereby linking and defining data and eventuating more effective discovery, automation, integration and reuse across different applications. RDF and linked data are advocated as a standard publication format for data integration and visualization. RDF syntax is made up of triples: subject-a consistent addressable URI for the resource; predicate-a URI that describes the relationship between the resource and the value of the triple; and object-the value of the statement made in the triple, a literal value or another URI where the value of resource is another resource. Tools such as OpenRefine used in this research can semantically structure the information contained within the tabular data obtained from both the Web scraping exercise and other tabular datasets such as the USDA food database. Editing RDF mappings inside OpenRefine required creating a RDF schema file to which properties and data were mapped; URIs were set for addressing each resource; and prefixes were assigned for the data using a controlled vocabulary as well as a prefix for the vocabulary of the project. Mappings were then created between the data contained in each column in the tabular dataset and the predicates. The resulting RDF output can then be included in the ontology through an import statement.
Ontology design
Ontologies provide a precise vocabulary to represent knowledge specifying which entities will be represented, how they can be grouped and what relationships connect them together [27] . A detailed description of the design process which uses the Ontology 101 methodology is shown in Appendix. Constructing an ontology is an essential part of creating knowledge-based systems. However, a quick survey of existing ontologies shows many differences even among seemingly similar ones although they all strive to develop a complete system describing concepts and relations that represent the real world objectively. Cristiani and Cuel [28] identified two different types of methodology models: the stage-based model, e.g., Ontology 101, and the and evolving prototype model, e.g., Methontology. They suggest that there is no one correct way to model a domain and that the best solution most times depends on the application that the developer has in mind and the tools being used to develop the ontology. Jones, Bench-Capon and Visser [29] also mention that ontology development methodologies fall into these two categories. They suggest that stage-based approaches are best used when the purpose and requirements are clear at the outset, while the evolving prototype might be best when no clear purpose has been established. Many ontologies use specific concept as a starting point. They also commonly use competency questions to test the ability of the ontology to answer questions. Since our design goals have been clearly stated, Ontology 101 is selected. The Ontology 101 methodology was developed using Protégé, Ontolingua and Chimaera as the working environment [7] . This made it an ideal methodology to follow for an ontology also being developed in the Protégé environment.
A basic conceptual model of the ontology is represented in Fig. 1 . Though ontologies are often expressed in RDF so that they are machine interpretable, the Semantic Web has other standards such as the Web Ontology Language (OWL) that extend RDF with more fine-grained concepts, allowing for the precise definition of ontological concepts such as classes, properties and individuals.
This Ontology was built with OWL using Stanford's Protégé Desktop Software. OWL is similar to other objectoriented syntaxes in that it also defines classes and properties; however, it differs in that its focus is on defining semantics, i.e., relationships between entities, and offers methods for creating associations between classes and properties through reasoning rules using constraints or through inference [30] . Ontologies being more property oriented than object oriented, the class memberships are determined by the properties which define those classes [27] . Reasoners can then infer the membership of a resource to a class based on its relationship to other resources that share those properties. The ontology imported some classes and properties from other Linked Vocabularies (e.g., schema:Recipe and foaf:Person) and then validated with the use of the Pellet reasoner. The ontology makes use of schema.org and FOAF to create an upper model by using classes from these vocabularies. This allowed for creation of mappings between the ontology and other vocabularies on the Semantic Web. Once classes were established, properties from the tabular sets that were converted to RDF/XML were added to the ontology and aligned with the classes which are their domain. 
Classes, object and data properties
Four top-level classes were created, Food, Drug, Person and Recipe. All other classes in the ontology are subclasses of these four concepts. The classes make use of terms from other vocabularies such as schema.org (prefix: schema), FOAF (prefix: foaf), Dublin Core (prefix: dc), as well as a few terms from SKOS, Library of Congress and RXNorm. There are also classes unique to this ontology (prefix: dbp). Classes were added for concepts that were relevant to the domain and had properties and relationships assigned. In total, there were 75 classes, 22 object properties and 33 data properties. Three classes and 11 properties were borrowed from schema.org and FOAF. Some classes were the result of defined property restrictions which enhanced the expressivity of the ontology. Property restrictions describe a class of all individuals that satisfy the defined restriction. Restrictions are usually of two kinds: value constraints (constraints on the range of the property) and cardinality constraints (constraints on the number of values a property can take) [31] .
The 'FoodConcept' class represents an abstract concept of food that involves food items and food groups. The FoodItems class has several subclasses that make up the 'USDAFoodGroups' class, and all inherit their properties from 'FoodItems.' Via these properties, drug-food interactions and allergies can be associated with particular foods and nutrients. A data property is associated with each of the nutrients used. Constraints on the values associated with these classes are added by placing restrictions on the class. For example, to be considered part of the 'DairyandEggProducts' class, only food items with the appropriate 'foodgroupcode' data type property would be included. Defining the class to be equivalent to the value of a data type property causes the reasoner to infer what individuals belong to that class.
A subclass called 'NutrientWarnings' was also defined to identify the food items that most often have interactions with drugs as well as those that hypertensive individuals are most often advised to avoid. There are several potential nutrition warnings made for 'FoodItems.' An example of this is the class 'HighPotassium,' which has restrictions for food items that contain more than 200 mg of potassium. Figure 2 shows these inferred classes based on property restrictions.
Representing the Drug Concept in the ontology was a less formal process and used a spreadsheet with information about these drugs, including the brand name, generic name and the drug class type. This information from the RXNorm drug database included information such as RxNorm concept unique identifiers (RXCUI), alternative drug forms and formulations, as well as a URI for the drug. Only randomly sampled subset of drug classes and common medications prescribed in that class were taken from the database. The aim is to include enough examples of drugs to demonstrate that relationships between the medicines and recipes or food items are possible.
An examination of drug/food interactions suggests that interactions occur based on the body systems with which the drug interacts, for example, angiotensin receptor blockers (ARBs) a class of drugs that affect the body's renin angiotensin system and specifically angiotensin II. Drugs in this class selectively inhibit angiotensin II, which has several effects on the body by antagonizing angiotensin II-induced vasoconstriction, aldosterone release, catecholamine release, arginine vasopressin release, water intake and hypertrophic response [32] . Up to 10% of people who take these drugs have induced hyperkalemia, and therapy usually includes assessing whether the patient is getting excess potassium from the diet, supplements or some other factors [33] . The scope of this ontology, however, does not include the body or its internal systems and mechanisms of action. For this reason, only The person class represents two kinds of individuals: authors of recipes and the hypertensive individual. Person has as its properties foaf:familyName, foaf:givenName and foaf:age, which all subclasses inherit. The patient subclass represents the individual about whom inferences relating to their medical condition will be made. The 'BloodPressure' subclass is inferred from the systolic and diastolic pressure readings of the patient as shown in Fig. 3 . An individual's blood pressure can be in one of four ranges: hypotensive, normal, prehypertensive and hypertensive.
The 'Recipes' class is modeled to represent the data that were captured through Web scraping. Recipes have several data properties associated with them, but function in the ontology based on relations between them and other classes. All recipes have a cardinality constraint placed on them in that they must use a minimum of one food item in their creation. The major relationship between recipes and the other classes that has a bearing on an individual's health is the ingredients that they use. This relationship will allow the reasoner to make several inferences about the recipe, including whether it might trigger an allergy, has too much of a particular nutrient, is low calorie, high cholesterol, etc.
Recipes have preparation methods stored in the ontology as individuals. This will allow for searching of recipes that, for example, do not involve frying, or recipes that do not require cooking. The subclass 'MealType' represents the different types of categories recipes may fall under, for example, lunch or dinner. Added to 'MealType' is a special 'AllergyInducing' meal type. This class flags recipes that include items that may cause allergies such as shellfish, dairy and nuts through the uses Ingredients property and certain food categories. reasoner was deployed to check the consistency and logic of the ontology and second competency questions were used to query the ontology. Reasoners are programs that infer logical outcomes from a set of explicitly stated facts. Knowledge in an ontology is not always explicit and reasoners apply deduction rules to the implicit knowledge to make these inferences. Reasoners provide routine support for tasks such as classification, debugging and querying. They also call attention to logical contradictions and conflicts in the ontology axioms and reduce redundancy of information [34] . Inconsistencies in an ontology indicate that there is an error somewhere in the ontology or a conflict that prevents reasoning. Reasoners minimize the number of such conflicts in the ontology and ensure that the ontology is consistent. Popular reasoners include FaCT++, Pellet, Hermit, RACER and CEL. This project uses Pellet for reasoning.
Pellet, like other reasoners, provides automated support for reasoning tasks such as classification, debugging and querying. Pellet is a description logic (DL) reasoner extended to OWL 2 and is optimized to reason in ontologies that include individuals. Pellet's built-in query engine tries to efficiently answer assertion component queries expressed in various query languages (SPARQL, RDQL) through query simplification and reordering techniques. It also has a data type oracle which it uses to check the consistency of built-in or derived XML Schema-based data types. Pellet supports user-created types based on numeric date or time types and further provides justification for understanding its reasoning output through axiom pinpointing. It allows the combination of DL with rules so that it is able to reason over OWL data types and semantic Web rule language (SWRL) rules as well as including an import function that allows for importing and reasoning over other ontologies without loss of context [35] . Reasoners are implemented within Protégé by adding its plugin to the program files. This makes the reasoner available in the application and able to perform the reasoning tasks described above.
Creating proto-personas for testing
The competency questions were also used during crafting of the proto-personas to help inform their design and were updated after that design process was complete. First, a review and analysis of the different domain concepts was undertaken, and the results are used to create an outline of individual users useful for planning, design and development [28] . This outlined individual or persona is a representation of a user, based on user research and representing user goals, needs and interests. Personas are of three types: data driven, institutional and procedural [36] . They are also described as having three layers of detail: requirements, relationships and humanization [37] . Although there have been some concerns regarding the use of personas [38] [39] [40] , alternative approaches to persona creation such as proto-personas and ad hoc personas are demonstrably effective and continue to be used in human-centered design to quickly understand users and to create services that meet the customer's needs. Protopersonas are a provisional persona that is not a scientifically proven model of the target user. They are not at first a result of user research, but are created instead from brainstorming sessions that try to capture the creator's ideas about who is using the product and what motivates them to do so [41] . Bhattarai et al. [42] , for example, use proto-personas to capture beliefs about users and better understand how users are involved in complex processes. Sundt and Davis [43] describe using proto-personas as the initial personas for measuring and improving library user experience, representative of important user types and the user's knowledge and skill level. These types of personas have been shown to produce a reasoned set of hypotheses which can be validated against real-world data [41] .
This author developed proto-personas to aid in understanding and testing the ontologies fit and usefulness for the target user. The design of the proto-persona is guided by a document with four quadrants: (i) a sketch of the individual, (ii) a name, (iii) some basic demographics, behaviors and beliefs of the persona and (iv) needs and goals [41] . Brown's [37] three layers of details are reflected in each of the four mentioned quadrants (Table 1) .
The requirements layer is implemented in the demographics and needs and goals quadrants, while relationships and humanization are reflected in the area of the quadrant that speaks to behaviors and beliefs. The proto-persona is heavily based on the designer's beliefs about who the typical user might be, which makes this approach more feasible for smallscale research projects such as this study. Focus was placed on three types of individuals: (1) the hypertensive individual on medication and with other risk factors; (2) the prehypertensive individual, not currently on medication; and (3) the normal individual that wants to eat healthily to prevent HTN. Proto-personas then generally provide insight as to (a) who the user is, (b) the status of their health, (c) their personal food preferences, (d) what medicines they are taking and (e) the diet they have been prescribed by their health professional. An itemized list was created in each quadrant for each user, and a consideration of the likes and dislikes of the personas, their allergies and the current medications, as well as goals were used to inform competency questions and refinements to test and modify the ontology and to ensure that it can meet user needs.
Validating with competency questions
After the reasoner was run, inferences were computed on the class hierarchy, object property hierarchy, data property hierarchy, class assertions, object property assertions and individuals. There were no inconsistencies returned. The competency questioned was then used to query the ontology to validate its functioning. Based on the proto-persona design, a list of competency questions the ontology should be able to answer were created to determine its functioning. Presented here are some of the competency questions for the ontology proposed by this study:
• Will a recipe aggravate a preexisting allergic condition?
• Does this recipe have high levels of nutrients in its ingredients that are known to cause interactions? • If a user is limited to 1500 mg of sodium daily, is the sodium content in those recipe's ingredients too high? • Are there any interactions between ingredients in a recipe and medication being taken? • What is an alternative ingredient that could be used in place of an offending ingredient in a recipe?
Next is an illustration of how the ontology addresses the competency questions created to test the ontology:
Question 1. Will a recipe aggravate a preexisting allergic condition?
The ontology has property restrictions that identify recipes containing foods that may trigger allergic reactions as shown in Fig. 4 , including shellfish, nuts and dairy products.
Question 2. Does this recipe have too high levels of nutrients known to cause interactions in its ingredients?
Although the ability to calculate total nutrient values was not a feature of this design, the ontology gives information to the user about recipes that use ingredients with nutrient values that are too high or that may cause some negative interactions. For example, the ontology in Fig. 5 shows that the drugs in the class of ARBs have moderate interactions with high potassium containing foods. Since the individual can see how much of the nutrient is present, they can make a choice about whether or not the total amount consumed will be injurious.
Question 3. Are there any interactions between ingredients in a recipe and medications being taken?
The ontology highlights all ingredients that have interactions with medications, whether those are interactions with cholesterol levels, potassium, grapefruit or some other common or uncommon interaction with hypertension drugs.
Question 4. If a user is limited to 1500 mg of sodium daily, is the sodium content in those recipe's ingredients too high?
High sodium ingredients are restricted to a class of similar individuals. Any recipe that uses ingredients with a sodium content higher than 450 mg will be flagged. The user can then decide if they may use that recipe after considering how much sodium they have consumed up to that point.
Question 5. What is an alternative ingredient that could be used in place of an offending ingredient in a recipe?
The ontology defines an object property that allows ingredients to be listed as substitutes for other ingredients. For example, olive oil is a substitute for salted butter in the ontology.
Discussion
The research questions addressed by the study are how semantic technologies might be leveraged to provide personalized help to patients with chronic diseases and how an ontology can act as a mechanism to provide guidance on safe foods and recipes. Semantic technologies are excellent for situations where the data model, usage model and user base are somewhat fluid and open to change. For the questions presented, data integration is the key to providing the kind of help needed by hypertensive patients. Ontologies are ideal for knowledge representation and interoperability. Although ontologies can act as a guidance mechanism in a number of ways, it has been demonstrated here that through a combination of research, domain study and concept mapping, it is possible to create an ontology which models knowledge of food, recipes, drugs and a user's personal circumstances, in such a way that the ontology could guide decisions on these concepts specifically for someone with hypertension. Furthermore, it has been shown that utilizing standard Web harvesting methods to aggregate data from different sources then converting to RDF and modeling in the ontology is feasible. Thus, this ontology and the knowledge represented within it can function to provide recommenda- Protégé Desktop software is found to be particularly useful for creating the ontology and modeling the various classes and establishing relationships between them. The methodology section presented a description of the class models. The data from the datasets were applied within those classes as instances. Assertions, constraints and relationships were used by the reasoner to make logical conclusions and to perform inferencing. Rules and queries were also applied in the ontology to answer additional competency questions. The results from reasoning and querying suggest that ontologies can provide nutritional guidance for persons with chronic illnesses. Health, disease and drug concepts have been described in classes and subclasses and through relationships and as demonstrated can answer many questions specific to hypertension. It suggests that this ontology is capable of providing personalized guidance and can function as a knowledge base and provide answers to questions that might otherwise return ambiguous answers on the Web.
From the examples and demonstration of concepts in the ontology editor shown above, there is clear indication that the ontology can answer directly through assertion or by inferencing answers to the competency questions. Other similar questions that may also be answered via the ontology:
• All of these questions can be formulated with description logics, semantic Web rules, assertions, logical assumptions and SPARQL since all of these concepts are described and modeled within the ontology.
Despite these positive results, there are some challenges to consider in the design process. First, in the data collection process it is imperative that data cleaning and normalizing are performed on the collected data before any additional processing is performed. As an example, preparation times for recipes can be represented in multiple ways: 'Bake for 3 h and 20 min.,' 'Bake for 3 h and 20 min,' 'Bake for 3:20 h,' 'Bake for 3 h and 20 min.' Decisions must be made about standard formats that will be used to represent these concepts. To further illustrate, temperatures can be represented in fahrenheit or celsius; some recipes use numbers such as '1,' '2' or '3' while others use letters such as 'one,' 'two' or 'three'; fractions get represented as 'ó,' '0.5' or 'half,' and other expressions such as 'pinch,' 'dash,' and 'to taste' also occur in the datasets.
Another consideration is that controlled vocabularies should be consulted for standard terms to be used. In this ontology, cooking methods have some impact on the healthfulness of a meal for someone with hypertension, as some methods decrease the amount of fats that are needed in the preparation of the meal. The challenge with this is that cooking methods are all embedded within the instructions with no easy way to extract them. The researcher manually added these using standard cooking terms from the Library of Congress Subject Headings (LCSH). Creating and using controlled vocabularies, in combination with other knowledge organization systems, is one way of addressing these issues. Creating a standard list of terms is helpful for normalizing data, as instead of going through and making changes to every different item, relationships can be created through application of exact match, close match, same as, broader and narrower term concepts that link the URLs of the resources to the URL of the resource which is the standard. This way, even if time is represented as hour, h, hh or hr, the system can know it is the same as the standard term hour. Finally, methods such as NLP and automated semantic entity extraction could be helpful to clean and normalize the data as well as enhance linked data potential through reconciliation of terms to services such as Freebase.
Limitations and future studies
This paper is based on a pilot study on ontology design for management of chronic health issues using hypertension as a case, as such the study may benefit from use of a different methodology or more rigorous testing with a larger subset of data. The researcher did not use the entirety of the USDA database, choosing to leave out restaurant foods, candies and snack foods, as these items are not features of most recipes. No major detrimental effects were observed from not using the complete datasets. Further, only a subset of the nutrients available in the USDA database were used. This decision was taken because of the sheer number of nutrients included and anticipated processor limitations. Because of the scope of the project, the focus was placed only on those nutrients that directly impact hypertensive health, have common drug/food interactions and are most commonly included in the nutrition information available with recipes and food products. Including more nutrients would allow us to expand the ontology to include more diseases and interactions and is something to consider for future study. It should also be noted that this study makes no attempt to categorize all available medications, but focuses only on a subset of those prescribed for hypertension in the USA.
The proto-personas were designed after thorough study of research papers and patient health Web sites and informal interviews with a nurse and a nutritionist. Although proto-persona design is deliberately meant to be a simple and informal process that takes the place of actual researchdriven personas, perhaps a more formal conversation with a nutritionist or with individuals who suffer with the condition may have helped to identify other needs and requirements. The intent of proto-personas is to aid in quick development which should later be followed by more intensive data-driven research about the user. Therefore, in future studies, a more formal research process as well as further validation, testing and use of the proto-personas with nutritionists as well as target individuals would yield a better understanding of the needs of users. This should be followed by incorporating actual user tests rather than simulated users to validate the ability of the ontology to provide personalized guidance.
Although a wealth of information about ontologies exists on the Web, ontologies devoted to just food and recipes and focused on health are few and for the purposes of this study even more limited because we could only consider those available in the English language. There is room for expansion and better modeling of the ontology to yield even more answers about the domains represented. Another hope is to employ the use of rule languages to enhance the ontology's ability to answer questions about recipes based solely on the information about the food items used. Focus could be placed on measurements of various nutrients for the foods listed in the database and in the recipe structure. The researcher believes that if this is performed, it will be possible to calculate the exact nutrition information for any recipe. Including more nutrients and drugs in the ontology will expand the knowledge base and provide further knowledge that may be able to answer questions about other disease and drug/food interactions.
Based on the results observed, there seems to be great potential for using this ontology to specifically aid hypertensive patients make food decisions that can aid in management and recovery. Future studies should involve more research and include the design of a Web application or app built on top of the ontology that will be intuitive and easy for users to learn, and which will communicate with the ontology via an API. Another application envisioned would have the ontology being integrated with a food diary application where users would be able to track nutrient intake and impact in a much more detailed fashion that is currently implemented by similar diary apps available now.
Conclusion
The findings and discussion presented here support the idea of semantic technologies as a method for the management of chronic diseases through the use of ontologies and other KOS modeled and applied to the needs of the target user. While applications built on top of ontologies exist to aid clinicians in their management of patient health, there is a lack of similar solutions available for patients to use at home to aid their decision-making. Through modeling of the target domains into hierarchies that represent individual medical and nutrition-related concepts, creation of relationships between these concepts, linking to external resources, aggregation of the necessary data and the creation of rules and assertions, as well as reasoning and inferencing, the outcomes suggest that an ontology, integrating disparate sources as well as modeling user profiles, is able to answer questions that will offer personalized guidance to users. If this modeled knowledge is used to support an application that a patient can have on hand, improved health outcomes may result as well as boosting patients' confidence in their ability to manage their health since they can now make informed decisions.
In the previous section, the paper mentions the aim of the Semantic Web is that of (i) adding in meaning to documents such that better resource discovery is enabled and (ii) creating a common framework such that data can be shared and reused. This paper demonstrates that the ontology design process can be used to aggregate resources into one central repository. This information can then be applied in novel ways such as to assess the quality and suitability of recipes as demonstrated here. Resources are not only more easily discoverable, but are enriched with additional detail. Ontologies may be modeled in any number of ways. However, an ontology can be considered a successful solution if it provides good results for the task to which it is being applied. While the universality of the model presented here is limited to the management of hypertension, it may be possible to extend this to other chronic conditions. The results from testing and validation lead us to conclude that this prototype implementation is a viable application of semantic technologies providing personalized solutions to hypertensive individuals. Further, it is a demonstration of how an ontology can provide guidance from modeled knowledge in specific use cases. Notwithstanding, further research into this specific and similar applications should be carried out in order to further corroborate these results.
1. Determine the domain and scope of the ontology Already addressed are the domains that the ontology would cover (recipes, ingredients, drugs, and medicines); what we would use the ontology for (food/recipe recommendation) and who would use the ontology (hypertensive individuals). Finally, determining the types of questions for which the information in the ontology should provide answers helped to guide the design as well as provide a means of testing the functioning of the ontology. 2. Consider reusing existing ontologies Although some ontologies describe various aspects of the domains in question, none address the issue in its entirety; therefore, they were not included in the ontology. For example, although the food ontology for diabetes control [22] focused on similar terms, it was modeled to match the Eurocode2 database instead of the USDA database. That ontology also is not publicly available for use. The automated ontology construction mechanism [21] had a different focus and did not align well with our goals. The Linked Open Vocabularies (LOV) food ontology has the closest alignment with our purposes in terms of its description of the food concept. Instead of importing this ontology in its entirety, mappings were made using the is defined by annotation property to concepts that were similar. The major issues here come from subtle differences in interpretation of concepts. In future, perhaps the ontology modeled here might be redesigned to allow for a full import of the LOV food ontology with some modifications. The ontology created in this project has reused some concepts from schema.org and FOAF, it borrows terms from Dublin Core, RXNorm and SKOS, and it uses the LCSH vocabulary to standardized terms related to recipe preparation methods.
Enumerate important terms in the ontology
Identifying the key terms that are used in the ontology provides a basis for development of a hierarchy. This informed the process of identifying which terms were used to form classes, objects or data properties. Key terms used in this ontology include names of food items as retrieved from the USDA database, nutritional terms like proteins, fats, sodium, as well as names of recipes, cooking methods, diseases, and drug names and types. 4. Define classes and the class hierarchy An arrangement of key terms into a class hierarchy which reflects the datasets as well as the domains in question was the next step. These informed what properties were inherited by subclasses. 5. Define the properties of classes and properties Defining classes and properties required an examination of the terms and decisions on whether that resource was storing data values, describing relationships or holding individuals. To preserve the integrity of the data from the databases, many data type properties were included in the ontology. However, object properties and property restrictions are created that make the ontology expressible. 6 . Define the facets of the slots/properties Cardinality constraints and value restrictions were defined in the ontology and function to help the ontology make inferences. 7. Create instances/individuals Food types, recipes, drug items and classes have been modeled as individuals in the ontology. These items came from the rdf xml files created in the data collection and semantic structuring process.
The domain distinguishes the relationship between classes and properties, and the range is the value that is expected or the data type of a property. OWL has two main categories of properties that might be defined in an ontology:
• Object properties that link individuals to individuals.
• Data type properties that link individuals to data values.
The ontology uses three types of properties to describe resources. If an entity can be identified with a URI then it is considered to be a resource [27] . Object properties describe relationships, data properties store values, while annotation properties are used for documentation purposes and are not used by the ontology for reasoning. A resource is identified by the properties that are used to describe it. Properties usually have a domain and a range to indicate how they are used. Object properties, as previously mentioned, describe relationships between resources. For example, the usesIngredient property describes the relationship between 'Recipe' (domain) and 'FoodItems' (range). Some properties also have inverse properties, which create two-way relationships in the ontology. Not only can one find out what recipes use certain food items, but a closer look at individual food items can reveal the recipes in which they are used. Data properties are used to store literal values, for example, the nutrient values of a certain food item. Properties exist as in the case of foaf:familyNameˆˆxsd:string; where foaf is the ontology prefix, familyName is a data property, and xsd:string is the type of data value assigned to the property. Some data properties have value constraints applied so that they do not accept values outside the range that is set, as in the example below where constraints are set for systolic and diastolic blood pressure readings.
